Abstract: Two recombinant DNA clones, pMG286.2 and pMG301.1, were isolated from the partial genomie library of Mycoplasma gallisepticum strain $6. Recombinant M. gallisepticum specific fragments were used as probes in Southern hybridisation with 10 M. gallisepticum strains whose DNA was digested by EcoRI, Hindlll, Bglll, RsaI and BamHl. The 1.5 kb fragment pMG301.1 did not show polymorphism in hybridisation patterns with M. galliseptieum strains, while the 3.5 kb fragment pMG286.2 enabled differentiation of M. gallisepticum strains into clusters. The DNA sequence of pMG301.1 was used to design a pair of 27-mer oligonucleotides flanking a 1.3 kb genomic region. These two primers directed specific in vitro amplification of all M. gallisepticum strains assayed giving an expected 1.3 kb product. Digestion of polymerase chain reaction products by DdeI enabled simple differentiation between clusters of M. gallisepticum strains and may be useful for improved epizootiological studies of M. gallisepticum infections in poultry.
Introduction
Mycoplasma gallisepticum can infect a number of avian species, but its pathogenicity is primarily associated with respiratory diseases of chickens and turkeys [1] . M. gallisepticum infections still occur frequently in commercial poultry flocks and cause significant economic loss. Infection is often transmitted through hatching eggs which results in infection of the offspring. Therefore, primary breeds should be M. gallisepticum-free which requires an efficient control program and monitoring of flock status with sensitive and specific diagnostic procedures. The diagnosis of infection has been performed traditionally by detecting specific antibodies and by isolation of M. gallisepticum from relevant clinical samples. However, serological assays do not always detect infection, suffer from cross-reactions, and are useless as a diagnostic tool in M. gallisepticum-vaccinated flocks [2, 3] . On the other hand, isolation and identification of M. gallisepticum may take weeks and may even fail when fastidious strains are involved.
A possible solution for the diagnostic problems associated with mycoplasma infections may be to use procedures which eliminate the need for mycoplasma cultivation [4] . Recently, species-specific DNA probes have been developed for the detection of M. gallisepticum [5, 6] . Such probes have been able to detect M. gallisepticum in experimentally infected chickens as well as M. gallisepticum field infections [7, 8] . However, their sensitivity was approximately 10 5 colony forming units of M. gallisepticum, numbers which occur only during acute stages of infection [7, 9] . It seems that polymerase chain reaction (PCR) has the potential to detect extremely low numbers of M. gallisepticum organisms in clinical samples. Thus it has been reported that PCR is capable of detecting as little as 1 fg of M. gallisepticum DNA which is equivalent to the genomic DNA of one single M. gallisepticum cell [10] .
For application of different DNA-associated techniques it is of great importance to find M. gallisepticum-specific genomic sequences showing polymorphism between strains. An insight into the genetic properties of M. gallisepticum will enable identification of M. gallisepticum strains independently of environmental interactions (culture conditions) and opens up new possibilities for epizootiological studies. The DNA sequence data could be used for phylogeny and tracing of recent evolution within species.
The aim of this study was to develop speciesspecific recombinant DNA probes and PCR for detection of M. gaUisepticum. We also attempted to assess whether the restriction analysis of PCR products from different M. gallisepticum strains in combination with Southern blot data could be useful for M. gallisepticum epidemiology.
Materials and Methods

Mycoplasma strains and culture conditions
Eleven M. gallisepticum strains were compared in this study. Strains $6208, F(K810), R(K781), K503, K703, K2221(236c), K1528, and A5969 were obtained from S.H. Kleven, University of Georgia, Athens, USA. Their origin and their relatedness, with reference to their genomic DNA, are described elsewhere [11, 12] . The source of the M. gallisepticum strains $6 (Holland) and PG31(X95), obtained from L. Stipkovits, Hungarian Academy of Sciences, was described elsewhere [5] . M. gallisepticum strain Pet2 was isolated from the yolk of a chicken egg in Slovenia [13] . The origin of M. synoviae (WVU 1853) , M. gallinarum (PG16), M. columborale (MPP4), M. cloaca& (383) and M. iowae (695) was described previously [14] . Mycoplasma strain 4229, originally identified as M. gaUisepticum but having only 40% DNA homology with it [15] was provided by J.M. Bradbury, University of Liverpool, UK, as the type strain of M. imitans, a new species of avian origin [16] . Mycoplasma strain 700 isolated from kidney of a layer hen in Spain was received from A. PagesMante, Hipra, Amer, Spain. This strain is currently undergoing characterisation as a potential new Mycoplasma species [17] . All mycoplasma cultures were grown under described conditions [14] .
M. gallisepticum DNA library
The whole genomic DNA from M. gallisepticum strain $6 was isolated [18] and partially digested with EcoRI and BamHI restriction endonucleases. The obtained genomic fragments were ligated with the mixture of EcoRI, BamHI, and EcoRI/BamHI double digested vector pUC19. Competent E. coli cells JM83 were transformed with ligation products and grown on LB-Amp agar containing 100 /zg m1-1 of ampicillin and 25 /xg ml-~ of 5-bromo-4 chloro 3-indolyl-D-galactosidase (X-gal). From the partial genomic library which contained over 5000 recombinant clones, 315 primary clones were used for screening for M. gallisepticum specific sequences. The whole genomic DNA from M. gallisepticum strains $6 and Pet2 was labeled using digoxigenin-labeled nucleotide Dig-dUTP (Boehringer Mannheim) and Nick Translation System (BRL). In the dot blot assay, the primary clones giving a strong hybridization signal with both labeled genomic DNA probes were selected for further screening. Membrane washing was performed under stringent conditions (2 × 5 rain with 2 × SSC, 0.1% SDS at room temperature and 2 × 15 min with 0.1 × SSC, 0.1% SDS at 68°C).
Nitro Blue Tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP) were used as a substrate for alkaline phosphatase.
Southern blot analysis of selected recombinant clones
Twenty-five selected recombinant clones were double digested with EcoRI/BamHI and analyzed by Southern blot hybridization using nonradioactive Dig-labeled genomic DNA from the strain $6 as probe. Hybridization was performed with 250 ng labeled DNA probe in 50% formamide at 42°C for 16 h. Membrane washing was performed under the same stringent conditions described above. Clones with a strong specific hybridization signal and appropriate insert length (500-6500 bp) were selected for further analysis and subcloning.
Sequence analysis
After restriction analysis of 14 primary recombinant clones containing M. gallisepticum genomic fragments, 6 primary clones or their subclones were selected for terminal sequencing using standard dideoxy sequencing strategy [19] and Sequenase 2.0 Sequencing Kit (United States Biochemical). Sequence analysis was performed using DNASIS TM software (Pharmacia) and releases from EMBL and GenBank databases.
Southern blot analysis of M. gallisepticum strains
Isolation of M. gallisepticum genomic DNA, enzymatic digestion and agarose gel electrophoresis were described elsewhere [18] . M.
gallisepticum genomic fragments from selected recombinant clones were isolated, labeled using Dig-dUTP (Boehringer Mannheim) and Nick Translation System (BRL) and applied as a probe for Southern blot analysis of whole genomic DNA from different M. gallisepticum strains. All hybridizations were performed under stringent conditions (0.1 SSC, 0.1% SDS, 68°C).
Primer design and polymerase chain reaction
The sequence information from both termini of the 1.5 kb insert of the clone pMG301.1 (subclone of the primary clone pMG301) served as a template for primer design using OLIGO com-81 puter program. Primers were designed with respect to the highest possible G + C content, lowest self-complementarity and absence of secondary structures. Primers were synthesized by MWG Biotech, Ebersberg, FRG. The reaction conditions were optimized concerning annealing temperature and MgC12 concentration [20] . For routine testing, 50/~1 reaction mixture was set up as follows: 10 mM Tris. HCl, pH 8.3, 1.5 mM MgC12, 50 mM KCI, 0.01% gelatin, 0.1% Triton X-100, 0.2 mM each nucleotide (dATP, dCTP, dGTP and dTTP, Pharmacia), 0.6 ~M each primer (MG3, MG4) and one unit Taq Polymerase (AmpliTaq, Cetus, Perkin Elmer). Evaporation of the reaction mixture was prevented by addition of a drop of sterile mineral oil (Sigma). The template DNA (0.1-1 ng) was finally added. PCR was carried out using DNA thermal cycler TC1 (Perkin Elmer): initial denaturation at 95°C for 5 min, followed by 35 cycles: denaturation at 94°C for 1 min, annealing at 58°C for 1 min and extension at 72°C for 1.5 min. An additional cycle (94°C for 1 rain, 58°C for 1 rain and 72°C for 5 min) was added as a final step. PCR products were digested with DdeI and run on polyacrylamide gels.
Results and Discussion
After final screening of recombinant clones, six were selected as candidates for M. gallisepticum-specific DNA probes and suitable target sequences for PCR. Recombinant clones pMG-286.2 (3.5 kb insert) and pMG301.1 (1.5 kb insert)
were used for Southern analysis. Using EcoRI, HindlII, BgllI, RsaI and BamHI restriction endonucleases we could not find any polymorphism in hybridization pattern of the genomic DNA of the M. gallisepticum strains with the probe pMG301.1, but probe pMG286.2 revealed different hybridization signal patterns in the range between 5.0 and 6.5 kb (Fig. 1) . M. gallisepticum strains K2221, K1528, A5969, K703 and K503 gave a signal of about 6.3 kb. Strain $6208 gave the signal slightly higher (6.5 kb). M. gallisepticum All PCR products were of uniform length, therefore we used restriction analysis of the PCR products after digestion with DdeI to increase the resolution potential of the method for differentiation of M. gallisepticum strains. Some strains which could not be differentiated using Southern analysis were successfully differentiated using RFLP analysis of PCR products. From the cluster of 5 strains giving the same hybridization signal strain, K2221 could be separated as a unique variant, as could two pairs of strains: K503/K703 and K1528/A5969. Strain $6 was not differentiated from the cluster F/R/X95. Strain $6208 was clearly different from all other strains. Strain 4229 (M. imitans) gave very weak, but specific signals, after amplification (Fig. 3) Our sequence data confirm G + C ratio estimates for M. gallisepticum in the range between 32-36%. Sequence analysis of our genomic clones and homology search in the EMBL and GenBank databases revealed some shorter parts of the sequence as homologous to different procaryotic sequences but there was no significant overall homology between our sequences and sequences deposited in both databases. Recently, published sequences of M. gallisepticum haemagglutinin [21] , M. gaUisepticum cytadhesin [22] and 29 kDa putative M. gallisepticum protection polypeptide [23] are not homologous with pMG301.1. There is some moderate homology (about 70% over 90 bp) on the DNA level between pMG301.1 and the coding region for haemolysin B of Proteus vulgaris, but interruptions of ORF concerning the reading frame of the HlyB gene and low amino acid homology are arguments against biological relevance of this homology. I0  20  30  40  50  CACACCAAAA CGCCGATCAC AATTAACCAC TTCTTCCATA TGTGGGTAAT  GTGTGGTTTT GCGGCTAGTG TTAATTGGTG AAGAAGGTAT ACACCCATTA  6O  7O  8O  90  i00  TGAGATCACT GTTTTACCCT GATTACGTAA TTGAAGCATA AAGCTTTTAA  ACTCTAGTGA CAAAATGGGA CTAATGCATT AACTTCGTAT TTCGAAAATT  II0  120  13G  140  150  TATCTTTTTT ACCCTTAGGA TCTAACATTG ATGTTGATTC ATCAAATAAG  ATAGAAAAAA TGGGAATCCT AGATTGTAAC TACAACTAAG TAGTTTATTC  160  170  180  190  200  ATAATACTTG GGTTGATCGC TAAAACTC, AA GCGATCGCTA CTCGTTATTT  TATTATGAAC CCAACTAGCG ATTTTGACTT CGCTAGCGAT GAGCAATAAA  210  220  230  240  250  TTGCCCACCA GATAATTTGT GGGGTTCGAA TTTTAATATA TCTTTGATCC  AACGGGTGGT CTATTAAACA CCCCAAGCTT AAAATTATAT AGAAACTAGG  260  270  280  290  300  CAACTTTATC AGCAACAGAA TCAATAATTC TTTTAATCTC TCCACGGGGA  GTTGAAATAG TCGTTGTCTT AGTTATTAAG AAAATTAGAG AGGTGCCCCT  310  320  330  340  350  TCTACGGTTT CTAACCCAAA GGCAATATCA TCTTCTGCTG TATCCAATGA  AGATGCCAAA GATTGGGTTT CCGTTATAGT i0  20  30  40  50  GAAGGAACAA ACTTATCTCG TTTGATACTC AACTCAATAC CACCATCAAA  CTTCCTTGTT TGAATAGAGC AAACTATGAG TTGAGTTATG GTGGTAGTTT  60  70  80  90  i00  AAAGGTAACG TGTGCGTATT TTCAGTTTCA GCAATTCTTA ATTGCTTCTT  TTTCCATTGC ACACGCATAA AAGTCAAAGT CGTTAAGAAT TAACGAAGAA  II0  120  130  140  1513  ATTAGCATTC TTTAACACTT CACCTAAAGT GTTCTTTTCA ATTTTTGGCG  TAATCGTAAG AAATTGTGAA GTGGATTTCA CAAGAAAAGT TAAAAACCCC  160  ]70  180  190  200  AATAACAGAT CGCTGAAGGA TTAATTCCTT CGTATTGCAT CATAATTACG  TTATTGTCTA GCGACTTCCT AATTAAGGAA GCATAACGTA GTATTAATGC  210  220  230  240  250  AAGTAAAGGT TTTTTCTTCT TAATTGTGGA TGATGATCAT ATAGTTCG/kA  TTCATTTCCA AAAAAGAAGA ATTAACACCT ACTACTAGTA TATCAAGCTT  260  270  280  290  300  CCAAAGATAT AATGACTTAA TTGACGTGCT CGATCTGGTC TGAAATTAGC  GGTTTCTATA TTACTGAATT AACTGCACGA GCTAGACCAG ACTTTAATCG  310 The probe pMG286.2 was species-specific and, following digestion of genomic DNA with EcoRI, it was able to separate M. gallisepticum strains into clusters. However, this probe did not enable differentiation between standard strain A5969 and variant strains K503 and K703. For this purpose a heterologous probe, coding for the elongation factor of E. coli [24] and an rRNA sequence based recombinant probe, pMC5, [25] were successfully used. Southern hybridization using the probe pMG301. 
